Introduction
Her X-1 is one of the best understood X-ray binary systems showing a variety of long and short term periodicities. The X-ray pulsar spins with a 1.24 s period and moves in a 1.7 day almost circular orbit around its companion HZ Her (Tananbaum et al. 1972) . Both effects cause a modulation of the observed flux in optical as well as in the X-rays. In addition the X-ray light curve of Her X-1 shows a long term 35 day intensity variation. This modulation is the best evidence for an inclined, precessing, and warped accretion disk in an X-ray binary system. The origin of the warping is not yet fully understood, but may be caused either by radiation driven accretion disk winds (Schandl & Meyer 1994) or by radiation pressure (Maloney & Begelman 1997) . The precessing motion of the disk can be understood in the context of tidal interaction and/or as a consequence of non vanishing torques acting on the disk, e.g. due to a coronal wind (Schandl & Meyer 1994; Schandl et al. 1997; Shakura et al. 1998; Ketsaris et al. 2001) . Because of the high inclination of the system, the disk periodically blocks the line of sight to the neutron star during about 60% of the 35 day cycle.
The observed 35 day light curve shows two maxima in intensity: the "main-on" and the "short-on" (Giacconi et al. 1973) . Following the often adopted baseline model of Her X-1 (Katz 1973; Schandl & Meyer 1994; Scott et al. 2000; Ketsaris et al. 2001; Leahy 2004 ,and references therein), the ∼12 day long main-on starts when the outer rim of the accretion disk opens the line of sight to the central neutron star (see Fig. 2 ). Subsequently, at the end of the main-on the inner edge of the accretion disk covers the line of sight. The second maximum in intensity occurs as soon as the inner edge of the accretion disk uncovers the line of sight during the progression of the 35 day cycle. This phase is called short-on where only ∼35% of the main-on intensity is measured. The states in between the shorton and the main-on are called "low-states" where the intensity drops to ∼3% of the main-on intensity (Scott & Leahy 1999) . The transitions from the low-states to the main-on and short-on are called "turn-on", while the decline in intensity at the end of the main-on and the short-on generally is called "turn-off". This periodic behavior is irregularly interrupted by anomalous low states as it was observed in 1983 (Parmar et al. 1985) , 1993 (Vrtilek et al. 1994; Vrtilek & Cheng 1996) , 1999 (Parmar et al. 1999; Coburn et al. 2000; Oosterbroek et al. 2001) , and recently in 2004 (Boyd et al. 2004) . During an anomalous low state the maximum X-ray flux typically drops to 1-3% of the main-on flux.
While the end of the main-on has been the subject of previous Ginga observations (e.g., Deeter et al. 1998) , observational data on the spectral evolution during the start of the main-on has been rare. Observations of turn-ons of Her X-1 have been presented by Becker et al. (1977) , Davison & Fabian (1977) , and Parmar et al. (1980) with different instruments. All of these observations show a strong indication that the flux during the early stages of the turn-on is composed of heavily absorbed plus scatted radiation. In 1997 September we observed a complete turn-on of the 35 day cycle of Her X-1 in a two day continuous observation with the Rossi X-ray Timing Explorer (RXTE). In this paper we present results from the spectral and temporal analysis of this observation. Further we describe these data with a physical model that can reproduce the spectral features and temporal evolution of the pulse shape seen in this observation. For our physical model we assume that the variations of the observed spectrum are due to the varying column density caused by cool gas of the outer rim of the accretion disk and due to radiation scattered from (ionized) gas sandwiching the accretion disk (an accretion disk corona).
The remainder of this paper is structured as follows: in Sect. 2 we give a short description of our observation and the extraction of the data, before we describe our spectral model and the results of the spectral analysis in Sect. 3, we present the results of our analysis of the evolution of the pulse profile in Sect. 4. In Sect. 5 we introduce a method to determine the amount of absorbed and scattered radiation by simulating the influence of a scattering medium on the shape of the pulse profile using Monte Carlo simulations. We summarize this paper in Sect. 6 and propose a model of the outer accretion disk rim which can explain the spectral behavior as well as the evolution of the pulse profile.
Observation and data reduction
We observed Her X-1 for two days on 1997 September 13/14 with RXTE. Figure 1 shows the RXTE Proportional Counter Array (PCA) light curve of the entire observation, together with the light curve measured simultaneously by the RXTE All Sky Monitor (ASM). Note that during the entire observation all five PCUs of the RXTE PCA were active and therefore throughout this paper the count rates are consistently given in cts/s for five PCUs. During the turn-on an eclipse took place around MJD 50705.5. Furthermore, two dips were detected: a preeclipse dip around MJD 50705.3 and an anomalous dip around MJD 50704.8. The gaps in the light curve are due to Earth occultations and SAA passages during individual RXTE orbits. The exposure times, mean count rates, and dates of observation are given in Table 1 for each RXTE orbit.
For the detailed analysis, we extracted PCA light curves for all RXTE orbits listed in Table 1 with a time resolution of 16 ms. Light curves were extracted for five energy bands: 2.0-4.5 keV, 4.5-6.5 keV, 6.5-9 keV, 9-13 keV, and 13-19 keV. After correcting the photon arrival times with respect to the solar systems barycenter and for the orbital motion of the neutron star, we determined the pulse period of Her X-1 by folding the data of the 13-19 keV energy band using a χ 2 maximization test. The resulting pulse period is P Spin = 1.2377291(2) s (MJD 50708.199) , which is consistent with observations of, e.g., Dal Fiume et al. (1998) and Coburn et al. (2000) . Subsequently we folded all light curves with this pulse period to obtain a pulse profile for each energy band and RXTE orbit. Pulse phase Φ 1.24 = 0 was defined as the time of the maximum flux in the main pulse of the profile in the energy range 13-19 keV. From each profile we subtracted the unpulsed flux and normalized the count rate to the maximum. Figure 6 shows the evolution of the pulse profiles in different energy ranges over the time of the whole turn-on. We have omitted those orbits during which the pulse profile shows no remarkable variation compared to the previous or following orbit, i.e., the orbits 01, 06-08, 16-18, and 25-30. For the spectral analysis, pulse phase averaged PCA and HEXTE spectra were extracted for each individual RXTE orbit. To minimize the background, we have chosen good-time intervals (GTI) with an "electron-ratio" of all PCUs less than 0.1 (see e.g., Wilms et al. 1999) . All spectra are background and dead-time corrected. The data of orbits 10-14 and 19-22 were omitted for the analysis because our spectral model is not applicable during the times of the dips and the eclipse. We simultaneously fitted our spectral model described in Sect. 3.1 to both the HEXTE and PCA data of each orbit. The systematic uncertainties of the response matrix of the PCA assumed for the spectral analysis are given in Table 2 .
Evolution of spectral parameters
Before we present the results of our spectral fitting in Sect. 3.2, we give an introduction to the complex spectral model used to describe the data.
Spectral model
As earlier observations already have shown (Davison & Fabian 1977; Parmar et al. 1980; Becker et al. 1977 ), a combination of direct, scattered, and absorbed photons is observed during the turn-on. Therefore, we used a partial covering model which combines both, scattering and absorption, to fit the data over the time of the turn-on. As components for the spectral model we used an exponentially cutoff power-law I power (E) · I highecut (E) as implemented in XSPEC, a cyclotron line feature I cyc (E) at 39 keV using the cyclabs model of XSPEC, and a Gaussian emission line I Fe (E) fixed at 6.4 keV. For an analytic description of the individual model components we refer the reader to the XSPEC manual (Arnaud & Dorman 2002) . We combined these four spectral components to provide a basic continuum model, which is then observed through an absorber partially covering the continuum source. In an analytic form the final spectral model describing the photon spectrum can then be written as
and
where σ T is the Thomson cross-section and where the boundfree absorption cross sections, σ bf , are those used in the tbabs model of XSPEC . For the fitting the absorption and scattering part in Eq. (2) uses the same N H . For the Thomson scattering part in Eq. (2) the electron density calculates from N H = 1.21 N e , assuming material of solar abundances . The constant C in Eq. (2) While a certain fraction of photons are blocked by the accretion disk (beam B), the outer parts of the accretion disk are optically thin for X-rays. Therefore, the spectral distribution of photons following beam D will show strong signature of photoelectric absorption. To simplify matters, photons reaching the observer directly without being modified by either the accretion disk nor the accretion disk corona are not shown in Fig. 2 . Comparing this geometric interpretation with the spectral model given in Eq. (2) allows the following interpretation:
called MC I from now on, accounts for photons following beam A and photons reaching the observer directly (this case is not shown in Fig. 2 ). We emphasize that it is not possible to use a physically more realistic spectral model which treats scattered, absorbed, and direct flux separately. The problem lies within the nature of Thomson scattering: for photon energies E 10 keV (E m e c 2 ) and when the influence of multiple scatterings can be . This makes it impossible to separate, e.g., the direct flux and the flux contribution from photons scattered into the line of sight (beam A) using spectral analysis alone. Using this simplified partial covering spectral model all 32 phase averaged PCA and HEXTE spectra were fitted in the energy range 2.9-18 keV (PCA) and 15-100 keV (HEXTE). In a first iteration we fitted the data with all parameters free except the power-law index α which was kept fixed at 1.068. This is an average value for α derived from the data with high counting statistics towards the end of the turn-on (orbits 15-31). The results for the remaining free fit parameters are listed in Table A. 1. This analysis reveals that the folding energy E cutoff , E fold , E cyc , σ cyc , E Fe , and σ Fe show no significant variation over the duration of the turn-on. Therefore, these values were kept fixed at their mean values (see Table 3 ) for the further analysis. Leaving these values fixed allows us to determine the variation of the remaining free parameters for the time of turn-on, which are the neutral column density N H , the ratio C, the normalization of the power law A PL , and of the iron emission line A Line . The results are shown in Fig. 3 and the corresponding fit parameters are given in Table A .2.
Spectral parameters
Assuming a simple geometrical model of a turn-on where the outer edge of the accretion disk opens the line of sight to the central neutron star as indicated in Fig. 2 , the neutral column density N H is expected to gradually decrease when the flux increases. As can be clearly seen from Fig. 3a , the behavior of observed N H is contrary to this simple model: As we have already mentioned earlier (Kuster et al. 1999) , N H increases during the first four RXTE orbits, reaches a maximum during orbit 5, and then declines until orbit 17 where it becomes untraceable. This evolution goes in parallel to the degree of scattered and absorbed radiation, C, shown in Fig. 3b , which increases until orbit 09 and afterwards starts to decline. The turning point in the progression of C matches almost exactly the maximum of N H . In contrast to N H and C, the normalization of the Fe emission line, A Line reproduces the progression of the count rate and increases during the whole of the turn-on (Fig. 3c ). We will come back to the interpretation of this behavior of N H and C in Sect. 6. 
Evolution of the pulse profile

Pulse variation depending on disk phase
Further insight into the physics of the turn-on comes from the substantial changes in shape and amplitude of the X-ray pulse with 35 day phase. One of the earliest studies of these changes was presented by Bai (1981) , who observed that the hard central peak and the soft trailing shoulder of the Her X-1 pulse profile are affected differently over the time of the turn-off. He interpreted this effect by a time dependent covering of the two polar emission regions on the neutron stars surface by the inner accretion disk rim and its corona. Since the thickness of the inner accretion disk rim and the neutron star are of the same order of magnitude, they have similar angular size. Consequently, the observed flux from the two neutron star poles can be affected differently in time by the material of the inner disk rim. Building upon this work and on observations of the change of the pulse-profile during the end of the 35 day cycle, Scott et al. (2000) were able to present a refined geometric model explaining these changes in more detail.
Observed pulse variation
For the following discussion, we use the nomenclature given in Fig. 4 for the various features of the Her X-1 pulse profile. Figure 5 shows how the relative strength of these features change with energy. The most distinct variation apparent, is the decreasing flux of the soft leading shoulder with increasing energy. This change leads to a double peaked structure consisting of the hard central peak and the soft leading shoulder that clearly can be identified in the energy range 6-12 keV (Deeter et al. 1998) .
During the early phases of the turn-on, strong photoelectric absorption and Thomson scattering will modify the pulse shape (Fig. 6) . Thomson scattering in a hot plasma causes the broadening of the pulse profile in all energy bands which leads to an almost sinusoidal pulse shape during early times of the turn-on (orbits 00-05). During later phases of the turnon (orbits 05-09) only the lowest energy channels are affected Normalized count rate Fig. 5 . Energy dependence of the pulse profile. The pulse profile of orbit 31 is shown in eight different energy bands. All profiles are normalized to unity. Each profile, except the profile of the energy range 2.0-3.6 keV, is shifted by 0.5 in the y direction relative to the previous profile. Note, the energy-dependent change of the relative intensity of the soft leading shoulder to the hard central peak, which results in a double peaked structure close to pulse phase 1.0. This feature is most pronounced at energies between 10-14 keV.
by strong noise. This implies that during this phase energydependent photoelectric absorption is the dominant process. The behavior during orbits 05-09 is very similar to the situation in orbits 10-14 during which the anomalous dip took place, which is presumably caused by cold material located at the outer rim of the accretion disk, crossing the line of sight to the neutron star (Shakura et al. 1999) . During the eclipse phase (orbit 21-22) all energy channels are affected by strong noise and no pulsation was detected.
These effects of scattering and photoelectric absorption can also be seen in the behavior of the pulsed fraction with time (Fig. 7) . It is clearly visible that F pulsed increases more rapidly in the high energy bands. At lower energies, the pulsed flux is suppressed towards the beginning of the turn-on, similar to the situation observed during egress of the anomalous dip, where the pulsed flux increases faster at higher energies. At the end of the turn-on, after orbit 23, the pulsed fraction is almost constant. Contrary to later phases of the main-on and the turn-off the intrinsic pulse shape does not change significantly over the time of the turn-on. This result is in agreement with earlier findings of, e.g., Gruber et al. (1980) , Bai (1981) , Trümper et al. (1986 ), or Deeter et al. (1998 . The pulse profile observed at the beginning of the turn-on can be interpreted, therefore, as a main-on pulse profile modified by the influence of photoelectric absorption and scattering.
Simulating pulse variation
To quantify the effects of scattering and photoelectric absorption on the change of the X-ray spectrum and the pulse profile shown in Sects. 3 and 4, we now turn to Monte Carlo simulations of the radiation transport of the pulsar's flux in a scattering medium. For the simulations we assume that the pulse shape seen at the end of the turn-on (orbit 30), is the intrinsic pulse shape caused by the emission characteristic of the neutron star and is not changing over the time of the turnon. Furthermore, we assume that the smearing of the pulse profile and the change in spectral shape at the beginning of the turn-on are solely caused by scattering and photoelectric absorption in the medium covering the line of sight to the neutron star. With these assumptions we can use the pulse profile observed in orbit 30 as a "template" profile and investigate the effects of a scattering and absorbing corona on the pulse shape depending on N H and the size of the scattering region. This is done via Monte Carlo simulations, as described in the following sections.
Monte Carlo simulations
Assuming a point source emitting the intensity I(t 0 ) at time t 0 , the intensity at infinity observed at time t can be written as
where G(t, t 0 ) is the scattering Green's function, i.e., the appropriately normalized solution of the time-dependent equation of radiation transfer through the scattering and absorbing medium for a δ-function pulse of light emitted at time t 0 . First analytical approaches to determine the Green's function for scattering in a cold corona were based on the fundamental method developed by Lightman et al. (1981) . Brainerd & Lamb (1987) , Kylafis & Klimis (1987) , and Kylafis & Phinney (1989) found analytical solutions for G(t, t 0 ) for simple geometries, such as the diffusion of photons out of a spherical shell surrounding a central point source. For the general case, analytical results are difficult to obtain and one has to resort to numerical solutions instead. Here, we use a modification of the linear Monte Carlo code based on the method of weights (Sobol 1991 ) that we have previously used to compute G(t, t 0 ) for the case of a hot Comptonizing plasma ). In our simulations we consider Compton scattering (using the Klein-Nishina cross section), photoelectric absorption from material of solar abundance using the cross sections of Verner et al. (1996) , and fluorescent line emission (using the fluorescence yields of Kaastra & Mewe 1993) . We model the propagation of photons through a plane-parallel slab with thickness d and hydrogen column N H (corresponding to a certain optical depth for electron scattering, τ es ) that is illuminated by a source at infinity. We consider both, neutral and fully ionized slabs. Output of the simulation is G(t, t 0 ) as a function of N H , d, and energy band and the angle-dependent photon spectrum of photons leaving the slab. We normalize the time to the light crossing time of the slab.
As an example, Fig. 8 shows G(t, t 0 ) for a neutral slab with N H = 1.0 × 10 22 cm −2 , 1.25 × 10 23 cm −2 , and 2.75 × 10 24 cm −2 , while Fig. 9 shows the same for a fully ionized slab. For τ es 5 the Green's function G(t, t 0 ) in Figs. 8 and 9 is dominated by photons crossing the slab on a straight line without being scattered from electrons. These photons contribute to the peak apparent at diffusion times equal to the light crossing time of the slab (t diff = 1) and only a small number of photons diffuse out of the slab after this initial peak. For increasing 23 cm −2 ), and τ es = 0.44 (N H = 2.75×10 24 cm −2 ). The peak at t = 1 is caused by photons crossing the slab without scattering, the break at t = 2 is caused by photons scattering at most one time before leaving the slab. Inset: Spectrum emerging from the slab for the same columns. Note the emergent fluorescent emission lines for the larger optical depths.
band of 2-10 keV. This redistribution effect is the origin of the changing spectral shape with increasing optical depth visible in Fig. 9 (inset) . As a consequence, the cut-off energy moves towards lower energies and a bump at energies between 1-5 keV arises. For even larger optical depths, τ es > 10, this bump slowly vanishes and the flux above 6 keV decreases rapidly. The overall spectral shape is then given by the left most spectrum shown in the top panel of Fig. 9 . Considering a neutral medium, absorption plays the dominant role over the temporal effects of Compton scattering. For a neutral medium with τ es 1, almost all flux below 10 keV is suppressed 1 . At such optical depths the effects caused by 1 For material with solar abundance, the photoionization cross section equals the Thomson cross section at ∼10 keV. Due to its E −3 proportionality the optical depth below this energy will therefore be always higher than the electron optical depth. diffusion time are still negligible since the mean number of scatterings per photon is close to unity. Thus, to achieve noticeable changes in beam shape a high fraction of ionized material is needed. On the other hand a high fraction of neutral material only weakly alters the beam shape but reduces the flux at low energies. Figure 10 demonstrates the influence of a fully ionized scattering medium on the pulse shape of Her X-1 for different values of τ es and a variable thickness of the slab. It is obvious that for large optical depth values (τ es > 3), even a thin scattering layer (d < 0.1) is sufficient to completely hide the pulse. In addition the structure of the pulse profile is steadily "washed-out" to an almost sinusoidal pulse shape. For τ es < 1.5 the profile's substructure (soft trailing shoulder) is still apparent even for high values of d. Note especially the shift in pulse phase, which is pronounced in the modified pulse profile for τ es > 2.0. This phase shift corresponds to the shift of the maximum of G(t, t 0 ) apparent in Fig. 9 .
Analysis of the pulse profile
To simulate the variation of the pulse profile during the turn-on we calculated G(t, t 0 ) for the same energy ranges we used in Sect. 4 and each RXTE orbit for two cases:
1. G n (t, t 0 ) for a neutral corona, with N H,n ≈ N H of the spectral analysis for each single orbit. 2. G ion (t, t 0 ) for a completely ionized corona with 1.0 × 10 22 cm −2 ≤ N H,es ≤ 9.5 × 10 24 cm −2 .
The Green's functions G n (t, t 0 ) and G ion (t, t 0 ) can then be compared directly with the spectral model given by Eq. (2). Following the notation introduced in Sect. 3.1, G ion (t, t 0 ) corresponds to the model component MC I and G n (t, t 0 ) to the model component MC II used for the spectral analysis. For a medium where a fraction f is fully ionized, the total Green's function is given by G(t, t 0 )
. Using a fixed G n (t, t 0 ) with the respective N H,n for each orbit from the spectral analysis and variable G ion (t, t 0 ), we can simulate pulse profiles an observer located at infinity would see, by applying Eq. (4) to the "template" pulse profile. As mentioned above, the time scale of the simulated light curves is normalized to the thickness of the corona, i.e., t − t 0 is measured in units of the light crossing time of the slab. Therefore, Green's functions for different values of d can be obtained by simply rescaling the time. For our analysis we chose d between 0.1 and 6 light seconds, appropriate for the dimension of the accretion disk in Her X-1 with r in ∼ 10 8 cm and r out ∼ 10 11 cm (Cheng et al. 1995) . To obtain a proper flux normalization, the integrated flux of the profile of orbit 30 was set to unity. All other simulated pulse profiles are normalized relative to this flux. From the spectral fitting of the partial covering model to the observed spectra, the parameters of the spectral model components MC I and MC II are known. By integrating the differential photon flux of the model spectra over the specific energy bands of Fig. 6 , the total flux per energy range can be calculated. Using the integrated photon flux both Green's functions, G n (t, t 0 ) and G ion (t, t 0 ), can then be normalized to the observed flux according to
where N ph (E) is the differential photon flux and R(h, E) the detector response matrix. Finally we performed a χ 2 minimization fit of simulated to observed pulse profiles as shown in Fig. 6 for each single RXTE orbit. The different energy ranges were fitted simultaneously. This procedure allows us to determine N H,es , and d as well as their uncertainty.
As an example, the results of the fit of simulated to observed pulses are shown in Fig. 11 for different orbits. The result for the selected orbit demonstrates, that qualitatively and quantitatively the simulation can well reproduce the observed pulses in all energy bands. Similar results can be achieved for observations not shown in Fig. 11 . The integrated absolute flux in all energy bands is reproduced with an accuracy 10%. For observations earlier than orbit 04 the analysis suffers from the low signal to noise ratio in the observed spectra and a resulting high uncertainty in the normalization of G ion (t, t 0 ) and G n (t, t 0 ). Fig. 6 ). The solid line represents the count rate of the observed pulse profile of the indicated orbit, and the dashed line represents the simulated best-fit pulse profile. The residuals of the fits are given at the bottom. All energy bands are fitted simultaneously. Figure 12 shows the overall development of the electron optical depth over the full turn-on. In the figure we give τ es in terms of the electron column depth, N H,es , to enable a direct comparison with the results of the spectral fitting. During the early phases of the turn-on, N H,es is very high and the absorbing medium is Compton thick. For the later observations, N H,es decreases and then levels out at a constant level. These results are a qualitative confirmation of the behavior already expected from the visual inspection of the pulse profile evolution: during the early stages the pulse profile is completely dominated by scattering, while in later stages the direct radiation becomes more and more important. We note, however, that the overall electron column deduced from our Monte Carlo simulations is significantly higher than the column deduced from spectral fitting. Given the explorative character of the Monte Carlo simulations and the simplifications introduced in the model, this is not unexpected. For example, our assumption of the scattering medium being a mixture of either completely neutral or completely ionized is certainly an oversimplification, as is the assumption of a slab geometry. On the other hand, as we will show below, despite these simplifications the overall trend of N H,es is in agreement with the common models for the 35 day turn-on and thus reduces the ambiguities from the spectral decomposition.
Conclusion and discussion
In this paper we have shown that the evolution of the X-ray spectrum and pulse profile during the 35 day turn-on of Her X-1 can be explained by invoking a varying contribution of scattered and heavily absorbed photons to the observed data (Sects. 3 and 5). Using Monte Carlo simulations, in Sect. 5 we showed that the observed behavior of these components appears to be consistent with the results of pulse profile analysis with theoretical Green's functions for the scattering and photoelectric absorption in the accretion disk. Despite the existing limitations, such as modeling the accretion disk rim by a simple slab with uniform density or modeling the scatterer as either fully ionized or neutral, the methods applied here show that the distinct contributions to the final pulse profile and spectrum can in principle be separated by making use of the smearing of the pulse profile caused by the scattering in the plasma. Our results confirm earlier work based on X-ray spectral analysis alone on the nature of the turn-on of the 35 day cycle and on the nature of the accretion disk of Her X-1 (Davison & Fabian 1977; Parmar et al. 1980; Becker et al. 1977; Burwitz et al. 2001) . Our analysis yields an optical depth of τ es ≈ 3-10 for the scattering medium which is necessary to explain the observed smearing of the pulse profile. Such optical depths are consistent with coronal models of neutron stars in LMXRBs (e.g., Miller 2000, and references therein).
The behavior summarized above can be explained by a simple geometric model that takes into account the outer rim of an accretion disk that opens the line of sight to the neutron star and the influence of a hot accretion disk corona sandwiching the accretion disk. Figure 13 shows the positions of the accretion disk, the disk corona, and the location of the observer are shown for different times of the turn-on. The observed PCA spectra corresponding to the phases of the turnon and the unfolded spectral model components for the energy range 3 ≤ E ≤ 12 keV are shown in the right panel of Fig. 13 . The individual components of the spectral model are shown separately.
At the start of the turn-on, Thomson scattered radiation from the corona, which is partially absorbed, dominates the observed spectrum. The topmost image of Fig. 13 "Beginning of turn-on" illustrates the orientation of the disk and the location of the observer relative to the disk for this time. Photons following beam A, marked by a dashed line, are scattered in the corona and partially absorbed in the disk rim (beam C). The direct view to the neutron star at this time is still blocked and photons following beam B cannot reach the observer. The corresponding spectra are those observed in orbits 00 and 04. Since the scattered spectral model component MC I dominates the observed spectral flux, only a small fraction of absorbed flux can be detected. As a result, the total observed spectrum, which is the sum of all model components, shows only a weak signature of absorption and low values of N H are measured. On the other hand, however, those scattered photons which finally reach the observer have undergone many scattering events such that the pulse profile is heavily distorted until orbit 06. In the pulse profile fitting, this phase of the turn-on will therefore be characterized by large values of N H,es .
As soon as the disk starts to open the line of sight to the neutron star (indicated by the downward moving disk in the image "Mid of Turn-On" of Fig. 13 ), the visible parts of the corona increase and consequently the observed flux in MC I increases as well. In parallel, the apparent absorbed flux increases, because the disk becomes more and more transparent for photons scattered in the corona (beam C). Around the mid point of the turnon, the outer disk rim starts to become optically thin for photons directly coming from the neutron star following beam D ("Mid of turn-on"). As a consequence the flux in component MC II (the ratio C in Fig. 3 ) rises more rapidly compared to the flux of MC I. Since MC II determines the curvature of the total observable spectrum, N H apparently increases. Since the pulse profile due to MC II expected to be far less smeared, pulse profile fitting during this episode will shown a decrease of the overall N H,es . During the further evolution the contribution of MC II continues to increase until it dominates the spectrum. This event takes place right after the turning point in the track of N H shown in Fig. 3a .
Shortly before the anomalous dip, the apparent N H rapidly starts to decrease. Both components MC I and MC II are now indistinguishable (orbit 17 and later) because photoelectric absorption and electron scattering become negligible. Based on the interpretation of Cheng et al. (1995) , this indicates that a larger amount of photons from the inner parts of the accretion disk close to the neutron star reach the observer. Finally, at the end of the turn-on, the neutron star is directly visible when the main-on starts.
In summary, models as the one outlined above seem to be successful in describing the overall features of the 35 day turnon of Her X-1. We note, however, that our results in Sect. 5 also show that for very high columns, the separation into two components fails due to low counting statistics during early phases of the turn-on although the overall picture stays consistent. The success of the analysis presented here, however, is a first step towards self-consistently modeling both, the spectral evolution and the timing behavior of Her X-1. Further refinements of the method are still possible, e.g., when taking the absolute phase shift of the observed pulse profile into account and by using more realistic geometries. N H : hydrogen column density, C: relative ratio of absorbed and scattered radiation to the unaffected radiation, A PL : power law normalization, (photons cm −2 s −1 keV −1 at 1 keV), A Line : line normalization (photons cm −2 s −1 in the line), E cut : cut-off energy (keV), E fold : folding energy (keV), E Fe : Gaussian line energy (keV), σ Fe : width of the Gaussian line (keV), A Line : line normalization, E cyc : cyclotron line energy (keV), σ cyc : width of the cyclotron line (keV), τ cyc : depth of the cyclotron line. Uncertainties are at 90% confidence level for one interesting parameter (∆χ 2 = 2.71). 
Appendix A: Results of the spectral analysis
